The study of gastric emptying in the preterm infant has been hampered by the absence of a suitable, valid technique. We have evaluated gastric antral clearance using serial ultrasonic measurement of the antral cross sectional area (ACSA). The study was easy to perform, providing successful results in 15 of 17 low birthweight infants, with feed volumes of 8-31 ml/kg. ACSA was closely related to intragastric volume (mean (range) r=0-96 (0.89-0-99) Seventeen consecutively available infants whose parents gave consent for study were recruited. Median (range) birth weight was 1800 (680-2300) g, gestation 32 (25-36) weeks, and postnatal age 2 (1-8) weeks. Median (range) feed volume was 180 ml/kg/day (150-200) given as two, three, or four hourly bolus by nasogastric tube with a median feed volume of 26 ml/kg (8-31). Five infants were receiving their mother's expressed breast milk, and 12 a standard whey dominant infant formula (Cow and Gate Premium). The protocol was approved by the district ethical committee.
Seventeen consecutively available infants whose parents gave consent for study were recruited. Median (range) birth weight was 1800 (680-2300) g, gestation 32 (25-36) weeks, and postnatal age 2 (1-8) weeks. Median (range) feed volume was 180 ml/kg/day (150-200) given as two, three, or four hourly bolus by nasogastric tube with a median feed volume of 26 ml/kg . Five infants were receiving their mother's expressed breast milk, and 12 a standard whey dominant infant formula (Cow and Gate Premium). The protocol was approved by the district ethical committee.
ANATOMY OF THE ACSA
The gastric antrum varies in circumference along its length. It is therefore imperative that the ACSA is measured using constant anatomical reference points (fig 1) . The transducer was held perpendicular to the anterior abdominal wall, and a longitudinal section of the gastric antrum was obtained along the length of the abdominal aorta at the level of the superior mesenteric artery. This provided a cross section of the gastric antrum distal to the incisura. (ii) Reproducibility of the measurement ofACSA All ultrasound images were recorded on videotape for later assessment. In the first 10 infants studied, 10 measurements were made of ACSA over a period of 50-90 seconds during the early phase of gastric emptying. The measurements were all made by one observer (SIN) who was blind to patient identity. In order to prevent recall of the previous measurements in any baby, the first of the 10 measurements was made on patient 1 then on patient 2 and so on to patient 10, then returning to patient 1 for her second measurement. The coefficient of variation was calculated (SD/meanX 100%) for each patient and for the group. Confidence interval analysis allowed calculations of the 95% intervals for any single results.
(iii) Pattern ofgastric antral clearance during gastric emptying At the end of each feed a measurement of ACSA allowed calculation of the change in area during the feed. Serial measurements were then made on each infant at approximately 10 minute intervals once the feed was completed. This allowed both observation of the pattern of gastric antral clearance, and calculation of 50% delta ACSA: the time taken for the ACSA to fall by half of the maximal change seen during gastric filling.
Results
The technique was simple to perform. Satisfactory recordings were obtained in 15 of 17 subjects. In two, the gastric antrum could not be imaged because of gas bubbles in the stomach. One of these infants had been crying before the study and the other appeared to have swallowed air during the tube feed. In no infant was vomiting, distress, or other adverse reaction noted during the study. (range 0-89-0-99, p<0 00 1), and for the group as a whole there was a highly significant relationship between ACSA and volume of feed (r=0-78, p<0 001).
The magnitude of change in ACSA after complete administration of the feed varied between individuals. The median change was 3 1 cm2 representing a 21-fold increase, with a range of 1-0-106 cm2. The maximum change in ACSA seen after the feed was not significantly related to the size of the baby.
(ii) Reproducbility of the measurement of ACSA The variation in 10 measurements over one minute in 10 infants was small. The mean (SE) coefficient of variation was 7-7% (1.1). This may be compared with a mean increase during gastric filling of 1960%. The maximum deviation observed on any occasion was -25% from the mean. Any single result has a 95% chance of lying within +/-15% of the mean of 10 results, and a 90% chance of lying within +/-13%.
(iii) Pattern (35 min) was lower than for the five receiving formula (45-3 minutes).
The 50% delta ACSA was significantly correlated with the volume of the feed (r=0-672, p<0 01) and the infants weight on the day of the study (r=0737, p<0-01). These variables were however inter-related, and none of the above was shown to predict significantly 50% delta ACSA when multiple regression analysis was performed. There was no difference in 50%/ delta ACSA between groups who were given their feeds over one minute or more slowly. In 12 subjects the ACSA could be observed to fall by over 90% of the maximal increase seen after gastric filling. In one subject gas bubbles appeared after the child had been crying so that the last measurement obtained showed a 76% fall from the maximum change in ACSA at 75 minutes.
In two subjects ( fig 4) the ACSA had only risen by 44 and 45% of its maximum change when measured immediately after the completion of the feed. Maximum ACSA was seen at 25 and 24 minutes and the fall in ACSA was not seen until 32 and 35 minutes, respectively. Both infants had prolonged half gastric antral clearance times of 92 and 95 minutes. In one of these infants the ACSA did not return to prefeed size, and at three hours 11 ml was aspirated from the stomach before the next feed. This was the only infant with a residual volume of more than 2 ml.
Discussion
Gastric emptying in the preterm infant has been the subject of considerable attention but its study has been hampered by the absence of a suitable technique. In this study we present our method of determining gastric antral clearance using serial measurements of the ACSA and evidence of its evaluation and validation. The technique does not directly measure gastric emptying by serial assessment of intragastric volume. Instead it measures the clearance of a feed from the gastric antrum as a proxy for gastric emptying. In order to assess reproducibility serial measurements were made. Ninety five per cent confidence intervals of plus or minus 15% were seen. Against a change of 2000% seen during gastric filling this small amount of error is unlikely to affect the measurement of gastric antral clearance.
The pattern of gastric antral clearance had characteristic features. The fall in ACSA occurred within a few minutes of the feed. There was then a curvilinear fall in ACSA that fits with recognised patterns of gastric emptying in the preterm infant. Gastric emptying is not exponential in this group but has a rapid initial phase that, it has been suggested, precedes the onset of mechanisms that regulate emptying," followed by a slower phase. 12-14
Our observation of gastric antral clearance therefore its well with anticipated patterns of gastric emptying.
The half gastric antral clearance time may be easily calculated. The median in our population was 28 minutes with a range of 20-63 minutes. This is similar, although a little faster than previous estimates of half gastric emptying times in more mature infants, using dye dilution techniques which lie between 25 and 52 minutes.'5'7 Early studies suggested that position may be an important determinant of gastric emptying,'8 but more recent data suggest no difference between prone, supine, right and left lateral in infants between 35 weeks' gestation and term.'3 One study has shown a difference between breast milk and formula that our study was not designed to demonstrate. " I In one infant the ultrasound technique demonstrated incomplete gastric antral clearance, this was the only infant with a residual volume >2 ml. At this point the infant had mild abdominal distension that was relieved by defaecation after a glycerine suppository. The feed volume of 50 ml together with the 10 ml residual was replaced and the study repeated, showing a half gastric antral clearance time of 27 minutes.
In conclusion, we have demonstrated that serial measurement of ACSA provides a relatively simple non-invasive index of gastric emptying in the preterm infant, which we have evaluated and validated in this study. Ultrasonic measurement of gastric antral clearance may be a valuable tool in providing the opportunity to study gastric emptying in the preterm infant, the factors that modulate it, and the investigation of infants in whom gastric emptying is thought to be abnormal. 
